Inductive signaling mediated by secreted factors of the Hedgehog (Hh) gene family regulates cellular proliferation and differentiation in many embryonic tissues. Two transmembrane proteins associated in a complex, Patched (Ptc) and Smoothened (Smo), are indispensable for the reception of
Results

Structure and embryonic expression of XPtc1
We isolated a 5.9 kb cDNA containing a complete open reading frame that encodes a predicted protein of 1418 amino acids, comprising 12 potential transmembrane domains and sharing 81, 83 and 82% identity with Ptc1 homologues from human, mouse and chicken, respectively. In contrast, the deduced protein displays sequence identities of only 47 and 46% compared to Ptc2 homologues from mouse and human, respectively, and was thus designated as Xenopus Patched1 (XPtc1).
In comparison, the topological arrangement and spacing of the membrane-spanning regions are similar in all known Ptc1 homologues (Fig. 1) . Remarkably, an almost invariant sequence element (97±99% identity) maps to the predicted position of a putative sterol-sensing domain (SSD), a sequence motif shared by proteins implicated in cholesterol homeostasis Loftus et al., 1997) .
Regions of high conservation are furthermore found in the extracellular loops¯anked by TM1/TM2 and TM7/TM8, between TM8 and TM12 and in the intracellular loop between TM6 and TM7. The most divergent region of XPtc1 is located in the center of the C-terminal intracellular domain. The majority of cysteines and six of nine potential N-linked glycosylation sites present in XPtc1 are conserved throughout all Ptc1 homologues.
In an RT-PCR analysis, XPtc1 transcripts can be detected maternally and with increased levels in subsequent stages of embryogenesis (not shown). The ®rst tissue-speci®c expression of XPtc1 detected by whole-mount in situ hybridization is observed in early neurula stage embryos (st. 13/14) in the anterior region of the neural plate and in two stripes¯anking the midline (Fig. 3A ) reminiscent of expression patterns reported previously for mouse Ptc1 (Goodrich et al., 1996; Hahn et al., 1996) and zebra®sh Ptc1 and Ptc2 (Concordet et al. 1996; Lewis et al., 1999) . During neural tube closure, XPtc1 transcripts are detectable in the anterior neural groove (Fig. 3B) . A transverse section of a late neurula stage embryo (st. 18) reveals that XPtc1 is most strongly expressed in the periphery of the notochord, the medial neuroectoderm and the paraxial mesoderm of the somites (Fig. 3C) . At tailbud stage (st. 26), XPtc1 transcripts are detected in the brain, the otic and optic vesicles and the somites (Fig. 3E) . Distinct from other vertebrate Ptc1homologues, XPtc1 expression is restricted to alternating stripes of cells in central, wedgeshaped regions within each somite (Fig. 3D ). In sections at the level of the mesencephalon XPtc1 mRNA is detected faintly throughout the brain, the proximal region of the eye anlage and strongly pronounced in bilateral domains in the dorsal mesencephalon (Fig. 3F,I ). In addition, XPtc1 expressing cells are localized in the presumptive pituitary anlage (Fig. 3F,H) . At the level of the trunk, XPtc1 transcripts are detected in the paraxial mesoderm adjacent to the notochord excluding the notochord itself (Fig. 3G) . Within the neural tube, XPtc1 is strongly expressed in the ventricular zone. Interestingly, another domain of XPtc1 expression is localized in the hypochord, a rod-like structure of endodermal origin extending axially along the ventral side of the notochord (Fig. 3G) . The expression domains of XPtc1 adjacent to notochord cells known to express Shh re¯ect its presumable function as Shh target gene.
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Structure and embryonic expression of XSmo
The open reading frame of Xenopus Smoothened (XSmo) encodes an 814 amino acid protein containing 7 potential transmembrane domains and an N-terminal cysteine-rich domain (CRD) characteristic for Smo/Frizzled type Gprotein coupled receptors ( Fig. 2 ; Alcedo et al., 1996) . The isolated protein shared amino acid identities of 72, 70, 68 and 35% with Smo genes from chicken, mouse, human and Drosophila, respectively (Fig. 2B) . The ®rst 36 N-terminal amino acid residues of XSmo de®ning a potential signal peptide strongly diverge from all other Smohomologues ( Fig. 2A) . However, the 13 cysteine residues constituting the CRD are present in all Smo homologues and spatially arranged in a conserved manner. The 7-pass transmembrane cluster is also highly conserved (80± 90% identity). A lower degree of conservation is observed in the C-terminal domain of Smo, which is particularly variable in its length ranging in vertebrates from a maximum of 304 amino acids in Xenopus to a minimum of 251 amino acids in human. The C-terminal domain of Drosophila Smo comprises 480 residues and deviates strongly from vertebrate Smo homologues.
An RT-PCR analysis revealed that XSmo transcripts were already present before MBT. At stage 6, XSmo transcription was increased and remained at a uniformly high level throughout embryogenesis (not shown). In early embryonic stages, XSmo expression was not detectable in a tissuespeci®c pattern by whole-mount in situ hybridization and rather appeared to be activated ubiquitously (not shown). However, by stage 26, regions of concentrated, intense XSmo expression were localized in the head region and the tail bud (Fig. 3J) . Sections failed to identify speci®c embryonic structures expressing XSmowithin these regions.
XPtc1 and XSmo expression in adult tissues
To characterize the expression of XPtc1 and XSmo in the adult, total RNA preparations from Xenopusadult organs and tissues were analyzed by RT-PCR (Fig. 3K) . In most tissues, XSmo and XPtc1 transcripts were detected in comparable amounts. However, expression levels of both genes clearly differed in the muscle. Here, XSmo expression was barely detectable, while XPtc1 is strongly expressed. In the skin, spinal cord, stomach, heart and gut, both XPtc1 and XSmo are expressed at low levels. Thus, the intensity of XPtc1 and XSmo transcription in adult tissues appears to be covariant to a considerable degree.
Materials and methods
To obtain cDNA fragments homologous to Ptc and Smo from Xenopus, an RT-PCR-based cloning approach was performed using the following degenerate primers: XPtc1 (MFLQLMTPKQM and MWLMYFRDW), XSmo (WFV(V/M)LTYAW and MSTWVWTKA). By PCRscreening a stage-32 head-speci®c cDNA library, we subsequently isolated a complete 5.9 kb cDNA clone homologous to Ptc and two overlapping cDNA clones of 1.2 kb and 4.9 kb homologous to Smo. Whole-mount in situ hybridizations were performed as described previously (Hollemann et al., 1999) . To generate XPtc1 antisense RNA, the XPtc1 cDNA clone was linearized with BamHI and transcribed using T3 polymerase. To synthesize XSmo antisense RNA, the 5 H XSmo cDNA was linearized with ApaI and transcribed with SP6 polymerase and the 3 H XSmo cDNA linearized with SalI and transcribed with T7 polymerase. A mixture of both antisense RNAs was employed as in situ probe. For RT-PCR analyses the RNA PCR core kit (Perkin Elmer) was utilized.
